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SUMMARY

M31AlE]l slotted stick propellant was detonated in its
proposed final pack-out configurations. The proposed final pack-
out contigurations are two 27.22-kg (60-1b) fiberboard cartons in a
54.43-kg (120~-1b) wooden box. A single fiberboard carton with
27.22-kg (60-1b) charge weight and a wooden box with a 54.43-kg
(120-1b) charge weight (two fiberboard cartons) were tested. Blast
output parameters were measured and the TNT equivalency values were
computed based on the comparison with TNT hemispherical surface
bursts.

Test results indicate that pressure and impulse values
were dependent upon the physical characteristics of the propellant
and the geometric configuration in which the propellant was
detonated, For M31A1E] slotted stick propellant in a 27.22-kg
(60~-1b) fiberboard carton, the geometric configuration produced an
effect that was significantly different on each gage line. Blast
output for the gage line facing the short side of the fiberboard
carton was much lower than the blast output along the gage line
facing the long side of the fiberboard carton. The effects were
more pronounced for the close-in measurements. For the M31AlEl
slotted stick propellant in a wooden box containing two 27.22-kg
(60-1b) cartons, the difference in blast output along each gage
line was not as significant. An average value for the TNT equiva-
lency values for the two configurations showed the equivalency
values to be greater than 100 percent at the near field scaled

distances < 2.14 m/kgl/3 (5.4 ft/1b1/3) and less than 100 percent
at the far field scaled distances > 3.57 m/kg}/3 (9.0 £t/161/3),




yod A e g3

& mcoemumRe®_§ * * 0 ¢

. .
4 8ttt D
PLIPEA R

»
N ol ., .\-1«.. 8 I -.1-.-..-1...-.
MR AT n.n-.‘-. A
11a’s’s .

e T
iIbh

4 124 65 v 6S €8 BT 6LT

T8 98 (44 Ss9 €S LE 9L L6

zs 29 1140 §9 8tT

14 114 €S 06 L8 (74 19T 2.2

LE 124 98 98 Le 9 oF

8t

d

69

d

L8

6  6S1

w
I d I 4 1 d

44 2L
1 I

6LT

™wi

6ST

90¢

A4

(at ozT) B €p°vs)

XOq Uu3POOoM

pajernuts auty abeb

SLT (usnd) ap1s Buon
(atr oz1) B ev s
XOq uU3IPOOM
pajernuts autT abeb

6€1 (ppo) sp1s ja0ys

(at ozt) B £€p oS

(sentea abeaaae)
A XOq USpooM pajernutg

(at 09) b4 zz°¢z
uoljaeo paeocqaaqrj
psjernuts auTy abeb

(usas) apts buo

iii

89¢

(at 09) B go*ze

uoljaed muuﬂon.uwn..nu

pajernuis auly abeb

19 (PpPo) 8pTs Ja0ys

(ar 09) B zzc2
(senTea a3eiaar) ucjzaed

pavoqaaqry parernurs

d uoT3eanbiyuod

qar/3¥ o°st) |
HE\E piL

Am\aﬁhu oop) (
m\me\e L8°ST

Qaﬂ\uu o”mv (
¢ \ﬂmx\,__ LS°€

M\Hﬂ\uu pg) (
€ \ﬁmx\___ e

g/191/33 0°F)
€ \ﬂmx\s 65°1

£/1
€/

(et

&/

qar/a3 0°¢)
HE\E 611

MULRISTQ PITEDS 1€ (%) ADUSTEATNDT INL

SR v R, AT,

ERTRTR LN Wtk ,.... Py

IRXNNNND o ENNAXAN S

A a
PP .\h\-\'.r

T

AR

W

. -
S
\-'-'.

LRI
..\'\n

LR CRERRN

AT LAy

DRy
S .I."

.
° .

. e

o~
Ca
, *\



el

saAL
7
.

CONTENTS

0

l.'o

| ) INTRODUCTION I EEEEREEEEEERENIEE N I AR A AR B A ECEE R B EE R R NI IR N R IR R 1 E:.'.‘
f'..-'..-

BaCkground ® 8 6 6 € 0 ¢ 0 9 5 0 5 O & 0 00 PSS LGOS G OB 0L LGS OO O LS 1 ;":‘i:::'

Objective ® 0 8 5 5 8 08 & 00 0 0 0 0 S0 LB 0PN 0SSP E L 0L EO NS0 PN S e e 1 ‘:\*‘.

r
f,,(

b .."'
A

EXPERIMENTAL METHODS ..cccecoecoccesosccsccossascscccsssosssasaces 2

- s
. _‘_,r.
¢

Mate[‘ials ® 8 @ 0 6 0 0 009 & 0 0000 LSOO L 0O LS 0L L IE SO s NG00
Test Plan ® 6 60 0 0 06060 0 % 000 B S0P Es OGN0V LGOS G TBITOEODS
InStrumentation ® 6 ¢ 8 0 0000 0000000086000 000800 OLGEES

BN

i RESULTS st cceeceuscescocsssansasososssssssssscssscasssccsssssasssasnse

N

Data Analysis

® 0 0 0 0 050 00 05 000800008050 0080°0 0000200000000 6 *
TeSt ReSUltS ® 6 6 0 0 06 0000 0 02 00000400080 NEN L EGGCEELTIs0 6 ".'...":
DiSCUSSiOﬂ ® 0 8 0 06000 0 05 00 TP EO LN 0SE0EEL S0 OECGEN OGSO LIBIETS 6 :’:‘t:’

CONCLUSIONS ® 0 0 06 8 8 0 900 6040008000 LC0 00 LN LD 00 B s0L00Es NS00 25

I o S

RECOMMENDAT IONS 25 e

REFERENCES ® 0 8 2 0 00 060 000000060000 0000000000800t E00EIIREIOOLIOEIOTE 26 ;-:.:.:::
i APPENDIX A—-INSTRUMENTATION ® 0 6 5 605 00 5060000800088 sEP0 0000 27 ?t’.‘.‘.»'
APPENDIX B‘_DATA SHEETS ® 6 0 606 00000 4000000008 EELISIEEIEOEESLEIOEOECTESEITBITOLE 31 :

APPENDIX C--SELECTED PHOTOGRAPHS ....cecveceesecstocossscccosnses 45

- ILLUSTRATIONS

la Simulated Fiberboard Carton With a 27.22-kg (60-1b)
Charge Weight

® 8 8 0 0 0 8 60659 00000 980TSO E S SE I ENEE s 3

N 1b Simulated Wooden Shipping/Storage Container With a £
E 54.43-kg (120—lb) Charge weight a6 0 s s 0088008000008 0000e0e 3 ' F

2 Test Area Showing Charge Placement, Transducer }_&ﬁ
Placement, and Camera Placement ....ceceeececscscncons 4 e

3 TNT Hemisphere Reference Data ......scccecseossnconsans 7 P
- 4 Pressure and Scaled Positive Impulse Versus Scaled
. Distance for Simulated Fiberboard Carton With a
27. 22-kg (Go-lb) Charge Welght (Average) EEEEEEEEEEEX 13

%; 5 Pressure and Scaled Positive Impulse TNT Equivalency ;"hﬁ
ol for Simulated Fiberboard Carton with a 27.22-kg

2 (60-1b) Charge Weight (AvVerage) ....cceseevesssscscsss 14
. v

O Voe . A
R U T SC SO T

- Nt ate® A Y - - . . - ot v.“
PRI ISR, LT Ly S I WA, W P WA P AT e A A,




TS 3 sttt h L I e A phs - g1 gk gra oS i i gt ons B w RN RARIAS PRy N G M iy e VA

6 Pressure and Scaled Positive Impulse Versus Scaled
Distance for Simulated Fiberboard Carton With a
27.22-kg (60-1b) Charge Weight (Short Side of Box) ... 15

7 Pressure and Scaled Positive Impulse TNT Equivalency
for Simulated Fiberboard Carton With a 27.22-kg
(GO"lb) Charge Weight (ShOrt Side Of BOX) R I I R I TR SN 16

8 Pressure and Scaled Positive Impulse Versus Scaled
Distance for Simulated Fiberboard Carton With a
27.22-kg (60-1b) Charge Weight (Long Side of Box) .... 17

"D S S 1, T e T T KR A
.

9 Pressure and Scaled Positive Impulse TNT Equivalency
for Simulated Fiberboard Carton With a 27.22-kg
(60-1b) Charge Weight (Long Side Of BOX) ..eeevceeeeces 18

10 Pressure and Scaled Positive Impulse Versus Scaled
Distance for Simulated Wooden Shipping/Storage
Container With 54.,43-kg (120-1b) Charge Weight
(AVErage) .....secsceeacescasnesossscssssnonesoscasanss 19

i 11 Pressure and Scaled Positive Impulse TNT Equivalency
for Simulated Wooden Shipping/Storage Container RS
with a 54.43-kg (120-1b) Charge Weight (Average) .... 20 T

12 Pressure and Scaled Positive Impulse Versus Scaled
‘ Distance for Simulated Wooden Shipping/Storage
. Container with a 54.43-kg (120-1b) Charge Weight
: (Short Side Of BOX) .e.vieecriiancessrsonsonsansccanas 21
- 13 Pressure and Scaled Positive Impulse TNT Equivalency

. for Simulated Wooden Shipping/Storage Container With
- a 54.43-kg (120-1b) Charge Weight
. (Short side of Box) ® 0 0 0 8 8 6 0 S 0D S S SO S O e O SO S SE SN SRR 22

- 14 Pressure and Scaled Positive Impulse Versus Scaled

- Distance for Simulated Wooden Shipping/Storage

Container with a 54.43-kg (120-1b) Charge Weight

(Long Side Of BOX) ..eeviiveenoecesoosscnsscnsccenseaes 23

Pressure and Scaled Positive Impulse TNT Equivalency

for Simulated Wooden Shipping/Storage Container with

a 54.43-kg (120-1b) Charge Weight

(Long Side Of BOX) 4.t eeeseeeeostotssesssosccnnsonssse 24

TABLES

Transducer Calibration and Placement for M31AlE]l
Slotted Stick Propellant ......iceeceveevoenvesccacssss 5

Summary of Test Results, 27.22-kg (60-1b) Charge in
Simulated Fiberboard Carton (Average) ...eeeeeceessssese 10

vi




Ssummary of Test Results, 27,22-kg (60-1b) Charge in
Simulated Fiberboard Carton (Short Side of BOX) ...o..

Summary of Test Results, 27.22-kg (60-1b) Charge in
Simulated Fiberboard Carton (Long Side of BOx) ......

Summary of Test Results, 54.43-kg (120-1b) Charge in
Simulated Wooden Shipping/Storage Container
(AVEraAge) .t.veeeessoscessonsesssoscssoconssncssnssnsssnsas

Summary of Test Results, 54.43-kg (120-1b) Charge in
Simulated Wooden Shipping/Storage Container
{Short Side Of BOX) .eeeccrocosssescscossasonceanncssoans

Summary of Test Results, 54.43-kg (120-1b) Charge in
Simulated Wooden Shipping/Storage Container
(Long Side Of BOX) .cuevvtecccescsasncasnsassnsovasssoncass

10

11

11

12

12




A MECR At At et A Jrain Aa A S e P R A R A A s S A e R N T T P W T RY 7 S ~sww -
) - = . L it}
LR

-

INTRODUCTION

Background

The M31AlEl slotted stick propellant is a solvent, triple-
base propellant which will be utilized in the M203E2 Propelling
Charge (155mm cannon). The raw materials are blended and mixed, .
blocked, pressed and cut to size. During these operations the B2
propellant is in a wet condition and relatively insensitive. The :
sticks are placed in trays and open racks for air drying, then
sorted and inspected, placed into pack-out cartons and loaded into
storage magazines for shipment.

The chemical constituents of M31AlE]l slotted stick b
propellant by percent weight are: R
Constituent Weight §% .
Nitrocellulose 21.50 B
Nitroglycerin 18.00 ool
Nitroguanidine 54,70 T
Dibutylphthlate 3.00
Ethyl centralite 1.50
Potassium sulfate 1.25 R
Carbon black 0.25 e
b pmpd
Total 100.00

Propellant Dimensions mm (inches):

Length 736.6 (29)

Diameter 6.35 (0.250)
Perforation Diameter 2.18 (0.086)
WEB 2.08 (0.082)

The test results reported were conducted in accordance -
with Facility Projects 5840084 and 5872307 as an engineering effort R
to provide TNT equivalency data for the proposed final pack-out —
configurations for M31AlEl slotted stick propellant,

Objective

The objective of this test program was to determine the
maximum blast output from the detonation of M31A1lEl slotted stick o
propellant in its shipping/storage container. The measured L
pressure and impulse data were compared with that produced by a .
hemispherical surface burst of TNT and the TNT equivalency of
M31A1lE]l slotted stick propellant determined.




EXPERIMENTAL METHODS

Materials

Test material was M31AlEl slotted stick propellant. The

M31AlEl slotted stick propellant was received from Radford Army
Ammunition Plant, Radtord, Virginia 24141.

Test Plan

Blast parameters of pressure and impulse were evaluated
tor weights and configurations of M31AlEl slotted stick propellant
in its proposed shipping/storage container. It is proposed that
the final pack-out contiguration will be two 27.22-kg (60~1b) net
weight fiberboard cartons in a 54.43-kg (120-1b) net weight wooden
box. Both ot above configurations are full-scale simulations. No
attempt was made to determine the etfects of scaling. Physical
characteristics of the proposed shipping/storage container for the
test program are as follows:

1. An orthorhombic container (figure la) with a charge
weight ot 27.22 kg (60 1lb) ot M31AlEl slotted stick

propellant was used to simulate the fiberboard carton.

The carton was constructed from fiberboard with the
following inside dimensions: 74.93 cm (29.5 inches)
long, 19.685 cm (7.75 inches) wide and 19.05 cm
(7.5 inches) high.

2. An orthorhombic container (figure 1lb) with a charge
weight ot 54.43 kg (120 1lb) of M31AlE]l slotted stick
propellant was used to simulate the proposed final
pack-out configuration of two 27.22 kg (60 1b) fiber-
board cartons in a wooden box. The wooden box was
constructed from plywood with the following inside
dimensions 77.47 cm (30.5 inches) long, 41.91 cm
{16.5 inches) wide and 20.32 cm (8.0 inches) high.

Each test charygye was initiated with a J2 blasting cap and
a conically shaped booster ot Composition C4 high explosive. Due
to the physical characteristics of the propellant and the orienta-
tion of the propellant in its container, a 5 percent booster seemed
to be marginal in achieving a high order detonation. Consequently
a 10 percent booster was used to achieve a high order detonation,
For the 54.43-kg (120-1b) charge weight it was necessary to place a
booster and J2 blasting cap on each 27.22-kg (60-1b) fiberboard
carton 1n the wood box for a total booster weight of 5.44 kg
(l12~1b). Results were consistent ana there was no evidence ot any
unreacted propellant; thus, because of the physical characteristic
ot the propellant and the physical form ot the containers, the pro-
pellant seems to be less sensitive to shock initiation by an
explosive.
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The test charge for each configuration was placed on a s
1010 carbon-steel witness plate, 1.27 cm (0.5 inches) thick with
the outside dimensions 15.2 cm (6 inches) larger than the base of
the test configuration dimensions. Figure 2 shows the test area.
The area was refurbished after each test subsequent to measurement
ot crater diameter and depth.

3.05 m (10 ft) .
\

N "“H“{ : : Fiducial markers
a3 "N
- #11 #9 7 #5
h Le L e 2
.
. #2
.l #4
:ii ol#6
‘i o|#8
ﬁf ® Pressure Transducer ol#10
. Placement
X Fiducial Markers
® Explosive Charges
_._J #12 .

To test control VIDEO
center CAMERA

Figure 2. Test Area Showing Charge Placement, Transducer
Placement, and Camera Placement

- Instrumentation

Twelve side-on pressure transducers were mounted and
placed at ground level in two 90-degree arrays within the test area
shown in figure 2, Distances between the transducers and charge
A were calculated to correspond to scaled distances of 1.19, 1.59,

; 2.14, 3.57, 7.14 and 15.87 m/kg'’3 (3.0, 4.0, 5.4, 9.0, 18.0 and

40.0 ft/lbl/3). The transducers were individually calibrated prior
to each test series with quasistatic pressure pulses, using a stan-
dard solenoid-actuated air pressure calibration fixture adjusted to
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Table 1. Transducer Calibration and Placement for
M31AlEl Slotted Stick Propellant

Radial distance m

(ft)

Scaled 100% Over
distance Expected Calibration calibration Charge Charge
/kg1/3 pressure pressure pressure weight weight
Channel 1/3 kPa kPa kPa 27.22 kg 54.43 kg
number  (ft/lb'”) (psi) {(psi) (psi) (60 1b) (120 1lb)
1,2 1.19 922 2068.5 4137.4 3.68 4.51
(3) (133.71) (300) (600) (11.74) (14.80)
3,4 1.59 479.8 1034.3 2068 .5 4.77 6.01
(4) (69.58) (150) (300) (15.66)  (19.73)
5,6 2.14 242.5 517.2 1034.3 6.44 8.12
(5.4) (35.17) (75) (150) (21.14) (26.64
7,8 3.57 81.5 103.4 206.9 10.74 13.53
(9) (11.82) (15) (30) (35.23) (44.39)
9,10 7.14 24.07 34.5 69.0 21.48 27.06
(18) (3.49) (s) (10) (70.47) (88.78)
11,12 15.9 8.14 13.8 27.6 47.73 60.14
(40) (1.18) (2) (4) (156.59) (197.30)

correspond to expected overpressure based on an assumed TNT equiva-
lency of 100 percent. Signal line continuity and channelization
were checked prior to each test. Details of distances between
charge and transducers, calibration pressures, and expected peak
overpressures at each distance are shown in table 1.

Signals were recorded using six two~-channel and two four-
channel Nicolet Explorer digital oscilloscopes. A complete
description ot the recording system is given in Appendix A. These
digital oscilloscopes offer the ability to capture, store, and dis-
play one-shot transient signals with both pre- and post-trigger
information. Ionization probes were used to trigger the Nicolets
and get T0 for time of arrival data.

Before and after color still photographs were taken ot
each test, showing typical setup and results, Standard meteoro-
logical data were recorded for each test. Video coverage of each
test was also recorded.
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RESULTS

Data Analysis

Peak overpressure and positive impulse information were
acquired in digital form. Data that could be attributed to instru-
mentation or explosive malfunction were excluded. The mean and
standard deviation were then obtained and all data which fell out-
- side two standard deviations were excluded from the TNT equivalency
calculations. The data were then compared with data from TNT hemi-

spheres.l A computer program was employed which utilized an iter-
ative process that factors out the contribution of the booster
charge weight and calculates the pressure and impulse equivalen-

cies.2 The calculated TNT equivalencies were arranged in tabular
form and plotted as functions of sample scaled distance. The stan-
dard curve for TNT hemisphere reference data is shown in Figure 3.

Test Results

A description of the instrumentation system is given in
Appendix A. Data sheets for all tests with pertinent measured par-
ameters are in Appendix B. Selected pretest and posttest still
photographs are shown in Appendix C. Test numbers are shown for
local reference only and provide access to original range data files.

Mean pressure, scaled positive impulse, and TNT equiva-
lency data are summarized by test configurations in tables 2
through 7. Figures 4, 6, 8, 10, 12 and 14 show the plots of peak
pressure and scaled positive impulse versus scaled distance.
Figures 5, 7, 9, 11, 13, and 15 show the plots of TNT equivalency
versus scaled distance for peak pressure and scaled positive
impulse by test configuration.

Discussion

Plots of peak pressure and scaled positive impulse for the
simulated fiberboard carton with a charge veight of 27.22-kg
(60-1b) are shown in figures 4, 6, and 8. The plots of TNT equiva-
lencies tor pressure and scaled positive impulse are shown in
figures 5, 7 and 9. The physical characteristics of the M31lAlEl
slotted stick propellent and the geometric configuration of the
fiberboard carton produced an effect upon detonation that was sig-
nificantly different tor each gage line. As a result, the mean
values were not indicative of a maximum output for a prediction of
blast parameters. Consequently, the results for the average values
and each gage line are presented.
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As expected the blast effects produced along the short pﬁg{
side of the box are significantly lower than the blast effects o
produced along the long side of the box. 1In general the effects o
are more pronounced for the near field values than for the far HEREN
field values, Blast effects along the short side of the box were A
less than expected. TNT equivalency values for pressure and scaled AN
positive impulse at all scaled distances are less than 100 percent, N
Blast effects along the long side of the box were greater than t

expected at scaled distance < 2.14 m/kgl/3 (5.40 ft/1b1/3) and less

than expected at scaled distances > 3,57 m/kgl/3 (9.0 ft/1b1/3).

TNT equivalency values for pressure and scaled positive
impulse were greater than 100 percent at scaled distances

< 2.14 m/kg!”3 (5.4 ££/1b1/3) and less than 100 percent at scaled '
distances > 3.57 m/kgl/3

> (9.0 ft/1b1/3). Average values are much jtf?
higher than was measured along the short side of the box and much e

lower than was measured along the long side of the box at near
tield scaled distances < 2,14 m/kgl/3 (5.4 ft/lb1/3). Values at

the far field scaled distances >3.57 m/kgl/3 (9.0 ft/lbl/3) are
more consistent and no real significant difference was measured.

Plots of peak pressure and scaled positive impulse for the
simulated shipping/storage container with a charge weight of 54.43 kg
(120 1b) are shown in figures 10, 12 and 14. The plots of TNT
equivalencies for pressure and scaled positive impulse are shown in
figures 11, 13, and 15. The results of the average values and each
gage line are presented. As expected, the results produced along
the short side of the box are lower than the results produced along
the long side of the box. 1In general, the effects are more closely
related for the far field scaled distances than for the near field
scaled distance. Blast effects along the short side of the box
were less than expected except at the close-in scaled distance of

1.19 m/kgl/3 (3.0 ft/1b1/3) where the TNT equivalency values for
pressure and scaled positive impulse were greater than 100 percent.

Blast effects along the long side of the box were greater
than expected tor close-in scaled distances < 2.14 m/kgl/3 e
(5.4 tt/1b1/3) and less than expected for far field scaled distances i}ﬁgj
> 3.57 m/kgl/3 (9.0 tt/lb1/3). Average values for pressure equiva- ﬁﬁff
lency were greater than 100 percent at the near field scaled dis-
tances < 2.14 m/kgl/3) (5.4 ft/lb1/3) and less than 100 percent at

the far field scaled distances > 3,57 m/kgl/3 (9.0 ft/lbl/3). TNT
equivalency tor scaled positive impulse was greater than 100 per-

cent at the close in scaled distance of 1.19 m/kgl/3 (3.0 fr/161/3) e

and less than 100 percent at all other scaled distances,




Plots of peak pressure and scaled positive impulse for the
27.22-kg (60-1b) charge and the 54,43-kg (120-1b) charge reflect
the geometric configuration from which they were detonated. As a
result, the fiberboard carton which contained a 27.22-kg (60-1b)
charge upon detonation produced significantly different results for
the gage lines facing the short and long sides of the carton. For
the 54.43-kg (120-1b) charge, the extent of the differences was
much less for the long and short sides of the wooden container,

All information presented in this report is based on
experimental data. As with any result based on experimental data,
there is an inherent scatter involved; that is, the curves and
tables presented represent the "best fit" or average values of the
data, with some associated error band.
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Table 2. Summary of Test Results, of Simulated Fiberboard Carton
with a 27.22-kg (60 1b) Charge Weight (Average)

Scaled
Scaled positive .
distance Peak impulse p
Radius 1/3 pressure 1/3 Pressure Impulse
meters "/ /3 kPa ks "/*91/3 ™r ™
(ft) (£t/1b""") (psi) (psi ms/1b™"") equivalency  equivalency
(%) (%)
3.58 1.19 1549.7 189.7
(11.74) (3.0) (224.75) (21.14) 214 126
4.77 1.59 666.3 124.7
(15.66) (4.0) (96.64) (13.90) 159 94
6.44 2.14 346.1 114.0
(21.14) (5.4) (50.19) (12.70) 164 122
10.74 3.57 7.4 56.7
(35.23) (9.0) (11.23) (6.32) 87 72
21.48 7.14 20.9 22.5
(70.47) (18.0) (3.03) (2.51) 69 «
47.73 15.87 5.5 10.1
(156.59) (40.0) (0.80) {1.12) 38 41 -
Table 3. Summary of Test Results of Simulated Fiberboard Carton -

with a 27.22-kg (60 lb) Charge Weight (Short Side of Box)

Scaled
Scaled positive
distance Peak impulse
i I 1
B Wl P gemngl? e e
1/3 1/3 .
_(fr)/  (fe/16°"7) (psi) (pai ma/1b""”)  equivalency __equivalency
1 L
3.58 1.19 692.9 111.7
11.74 (3.0) (100.50) (12.45) 61 47
4.77 1.59 305.0 65.4
(15.66) (4.0) (44.23) (7.29) 45 26
6.44 2.14 138.3 62.6
(21.14) (5.4) (20.06) (6.98) 37 38
10.74 3.57 77.0 49.5
(35.23) (9.0) (11.17) (5.52) 86 54
21.48 7.14 22.8 22.2
(70.47) (18.0) (3.30) (2.47) 86 43
47.73 15.87 5.9 9.2
(156.59) (40.0) (0.85) (1.03) 46 37 )
10
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Table 4. Summary of Test Results, of Simulated Fiberboard Carton
with a 27.22-kg (60 1b) Charge Weight (Long Side of Box)

Scaled Scaled
distance Peak positive
impul se
Radius 1/3 pressure 1/3 Pressure Impul se
meters  "™/%9 3 KkPa kpa m’/*gl/s ™ ™r
(ft) (£t/1b""7) (psi) (psi ma/1b"’ ") equivalency  equivalency
)
3.58 1.19 2406.3 267.8
(11.74) (3.0) (348.99) (29.84) 368 206
4.77 1.59 1027.7 184.1
(15.66) (4.0) (149.05) (20.52) 272 161
6.44 2.14 553.9 165.3
{21.14) (5.4) (80.33) (18.42) 291 206
10.74 3.57 77.9 63.9
(35.23) (9.0) (11.30) (7.12) 87 90
21.48 7.14 19.0 22.9
(70.47) (18.0) (2.76) (2.55) 53 45
47.73 15.87 5.2 10.8
(156.59) (40.0) (0.76) (1.20) 30 45

Table 5. Summary ot Test Results of Simulated Wooden Shipping/
Storage Container with a 54.43-kg (120 1lb) Charge Weight (Average)

Scaled
Scaled positive
distance Peak impulse
Radius 1/3 pressure 1/3 Pressure Impulse
meters VX9 13 kPa kea m’/k91/3 ™r ™~T
(ft) (£t/107"7) (psi) (psi ma/lb"" ") equivalency  equivalency
4.51 1.19 1323.2 224.4
(14.80) (3.0) (191.91) (25.00) 157 159
6.01 1.59 635.9 106.3
(19.73) (4.0) (92.22) {11.85) 138 65
8.12 2.14 301.2 79.2
(26.64) (5.4) (43.68) (8.82) 125 60
13.53 3.57 61.4 53.6
(44.39) (9.0) (8.91) (5.97) 54 52
27.06 7.14 19.5 25.7
(88.78) (18.0) (2.83) (2.86) 62 52
60.14 15.87 7.0 13.8
(197.30) (40.0) (1.01) (1.54) 64 66
11
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Table 6. Summary of Test Results, of Simulated Wooden Shipping/
Storage Container with a 54.43-kg (120 1b)
Charge Weight (Short Side of Box) .
Scaled
Scaled positive
dismr/\ce Peak impul se
Radius 1/3 pressure 1/3 Pressure Impulse
meters VX9 13 kPa kpa “"/"91/3 T™T ™r
(ft) (ft/1b' ) (psi) (psi ms/1b"" ") equivalency  equivalency
3 s
4.51 1.19 1220.4 213.5
(14.80) (3.0) (177.00) (23.79) 139 141
6.01 1.59 504.8 85.8
(19.73)  (4.0) {73.21) { 9.56) 97 48 i
8.12 2.14 220.2 61.6
(26.64)  (5.4) (31,94) {6.86) 76 37 \
13.53 3.57 58.9 47.7 s
(44.39)  (9.0) (8.54) (5.32) 50 53 e
27.06 7.14 19.9 22.0 .
(88.78)  (18.0) (2.88) (2.45) 65 42 R0y
€0.14  15.87 8.0 15.6 e
(197.30)  (40.0) (1.16) (1.74) 86 8l R
'-,'~~,'.
. . o
Table 7. Summary of Test Results of Simulated Wooden Shipping/ SO
Storage Container with a 54.43-kg (120 1b) N
Charge Weight (Long Side of Box) }.\
. MEAENS
3
Scaled Scaled "t
distance Peak positive A
impulse ,'_:_.'-:.
Radius rkq/3 pressure 1/3 Pressure Impulse o
meters 1/3 kPa kpa ma/ kgl /3 TNT TNT ,.}_._-_.
(ft) (ft/1b " 7) (psi) (psi ms/lb ") _ equivalency equivalency C
~o L4
] ) '..".:"-
4.51 1.19 1426.0 235.3 n—
(14.80) (3.0) (206.82) (26.22) 175 179
6.01 1.59 766.9 126.8
(19.73) (4.0) (111,22) (14.13) 179 a8
8.12 2.14 382.1 96,7
(26.64) (5.4) (55.41) (10.78) 174 83
13.53 3.57 64.0 59.4
(44.39) (9.0) (9.28) (6.62) 59 74
27.06 7.14 19.4 27.6
(88.78)  (18.0) (2.81) (3.07) 59 58
60.14 15.87 6.0 12.0
(197.30)  (40.0) (0.87) (1.34) 43 52
12 R
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CONCLUSIONS

The blast output from M31A1lE]l slotted stick propel-
lant is dependent upon the configuration from which
it detonates.

TNT equivalency values were determined from M31AlEl
slotted stick propellant in configurations that sim-
ulated a single fiberboard carton and a wooden box
that simulated the shipping/storage container.

The TNT equivalency of M3]AlEl slotted stick propel-
lant for peak pressure as determined in this test
series ranged from a high of 368 percent along the
long side to a low of 37 percent along the short side
for the simulated fiberboard carton. Peak pressures
ranged from a high of 179 percent along the long side
to a low of 50 percent along the short side for the
simulated wooden box.

RECOMMENDATIONS

In order to design meaningful experiments and for the
resulting data to be intelligently applied, it is
important that the many factors and parameters that
affect the airblast be recognized and the data be
used in the context in which they were derived.

The TNT equivalency of pressure and scaled positive
impulse values determined by this test series should
be used in the structural design of protective
facilities.

M31A1lE]l slotted stick propellant should be tested in
the configurations that are typical for a manufactur-
ing facility.

For close-in structural design (scaled distances

generally less than 3.0 ft/1b1/3), values generated

by this test program should not be used. A method
for determining the TNT spherical equivalent weight
is to multiply the charge weight by an equivalency
from the ratios of the heats of detonation. Then a
factor must be determined for the effect of charge
shape. Some sources for this data are in references
4 and 5.
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APPENDIX A

INSTRUMENTATION

Twelve PCB Piezotronics side-on pressure transducers were
mounted flush to the surface in each of two sand-filled arrays
within the test area. Each transducer was connected by an under-
ground coaxial cable system into the instrumentation building
approximately 800 feet from the test area. All signals were ampli-
fied by a model 494A06 PCB amplifier and recorded simultaneously on
dual channel Nicolet Explorer oscilloscopes and a Honeywell 1858
visicorder. The Nicolet Explorer oscilloscopes were chosen because
of their performance; they also provide a wide choice of options
and measurement capabilities. It is basically a two-channel,
500-kHz oscilloscope having a writing rate of 5 cm/ sec, rise time
of 500 ns and high resolution. It is useful in transducer measure-
ments in providing direct electrical signal measurements, and with
the built-in magnetic disk recorder, has the capability of storing
signal waveforms for quick and easy recall. The Nicolet Explorer
oscilloscopes were interfaced to a Tektronix 4052 graphic system
and the peak blast overpressure and positive impulse information
were obtained in digital torm. The Honeywell 1858 visicorder was
operated at 160 inches per second along with a 1 kHz timing pulse.

P . Charge Coaxial PCB
ressure Amplifier f >
Transducer ’ pl EEE— Amplifier

Cable
Tektronix Digital .
Nicolet
Model 4052 Output
Graphic [ 0'5*5}0’" -
System scilloscope
Magnetic
Disk
Tektronix Storage %
NModel 4631 Record
Hard Copy Unit
Honeywell
1358

Visicorder
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Test No. 9-85-01. Typical Pretest Configuration for TNT
Equivalency Testing of M31AlEl Slotted Stick Propellant in a
Simulated Fiberboard Carton with a 27.22-kg (60-1b) Charge Weight

Test No. 9-85-01. Typical Posttest Results for TNT Equivalency
. Testing of M31A1E]l Slotted Stick Propellant in a Simulated
Fiberboard Carton With a 27.22-kq (60-1b) With a 27.22-kg
(60-1b) Charge Weight
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Test No. 10-85-0l1. Pretest Configuration of Two Fiberboard jﬁ‘j
Cartons in a Simulated Wooden Shipping/Storage Container -

! .
]
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TX el

Test No. 10-85-01. Physical Characteristics of M31AlEl Slotted
Stick Propellant Packaged in Two Fiberboard Cartons in a -
Simulated Wooden Shipping/Storage Container
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Test No. 10-85-01. Fretest Configuration for TNT Equivalency
Testing of M31AlEl Slotted Stick Propellant in a Simulated
Wooden Shipping/Storage Container with a 54.43-kg (120-1b)

Charge Weight

Test No. 10-85-01. Pretest Configuration for TNT Equivalency
. Testing of M31AlEl Slotted Stick Propellant in a Simulated
Wooden Shipping/Storage Container with a 54.43-kg (120-1b)
Charge Weight
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Test No. 10-85-0l1. Typical Posttest Results for TNT Equivalency
Testing of M31AlEl Slotted Stick Propellant in a Simulated
Wooden Shipping/Storage Container with a 54.43-kg (120-1b) L

Charge Weight R

Test No. 10-85-05. Pretest Configuration for Using Two 2.72-kg .
(6~1b) Boosters .
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.
Test No. 10~85-05. Pretest Configuration for TNT Equivalency
Testing of M31AlEl Slotted Stick Propellant in a Simulated
Wooden Shipping/Storage Container Using Two Boosters

AR
I

¢
’

v " r
y

.

Test No. 10-85-05. Posttest Results Showing Witness Plate from
. Detonation of 54.43-kg (120-1b) M31AlEl Slotted Stick Propellant
Using Two Boosters
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Test No. 10-85-07. Posttest Results Showing Witness Plate from
Detonation of 54.43-kg (120-1b) M31AlEl Slotted Stick Propellant
Using Two Boosters

Test No. 10-85-05. Posttest Results Showing Witness Plate from
Detonation of 54.43-kg (120-1b) M31AlEl Slotted Stick Propellant
Using Two Boosters
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